Abstract
Introduction
Herbal drugs have received great attention as alternative medicines in recent years and are also referred to as a dietary supplement or health food. The use of complementary therapies for treatment of diabetes is ever increasing, and often remains unnoticed by a physician [1] . Diabetic patients often consume herbal preparations along with routinely prescribed antidiabetic agents [2] . Metformin is a biguanide of oral hypoglycemic agent which is widely used for the treatment of type 2 diabetes mellitus and which has poor bioavailability (around 40%). There are several PK and PD interaction studies of metformin with Allium component, BA have various pharmacological activities, such as anti-inflammatory [6] , anti-arthritic [7] and antidiabetic [8] . There are several in-vitro reports of boswellia on inhibition of microsomal enzyme system (CYP1A2, 2C8, 2C9, 2D6 and 3A4) and may lead to change in the bioavailability of concomitant drug [9, 10] . In view of the effect of boswellia on CYP enzymes especially on CYP3A and also antidiabetic properties, its presence in herbal preparations may influence the bioavailability and hypoglycemic action of metformin, particularly because the latter is metabolized by CYP3A. Therefore, the aim of the present investigation was to study the effect of boswellia on pharmacokinetics and pharmacodynamics of metformin in normal and streptozotocin induced diabetic rats.
Experimental
Drugs and chemicals: Metformin and gliclazide were obtained as gift samples from Dr. Reddy's laboratories (Hyderabad, India). Acetonitrile (HPLC-grade), ammonium acetate and glacial acetic acid of AR grade (99.5%) were procured from Merck Specialties Pvt. Ltd., Mumbai. Boswellic acid (BA) supplied by Yucca Enterprises, (Mumbai, India). Ascorbic acid, α, α-diphenyl-β-picrylhydrazyl (DPPH), 1,1,3,3-tetraethoxy propane (TEP), thiobarbituric acid and streptozotocin (STZ) were supplied by HiMedia Laboratories Pvt. Ltd, (Mumbai, India).
Animals and diet:
Wistar Albino rats of male weighing 180-250g were used in the study, after approval of experimental protocol by the Institutional Animal Ethical Committee (CPCSEA Reg. No.146/1999), Kakatiya University, Warangal. They were maintained under standard laboratory condition at ambient temperature. They were fed with pellet diet and water ad libitum.
Pharmacokinetic Study
PK Study in normal rats: Following an overnight fasted, rats were divided in to 2 groups (n=6). Group I: Metformin (100 mg/kg; p.o.) on 8th day.
Group II: Pretreated with BA (100 mg/kg; p.o.) for 7 days, on the 8 th day metformin (100 mg/kg; p.o.) followed by BA.
Blood samples were collected from the fasted rats (16 h with water ad libitum) by retro-orbital vein puncture [11] at time intervals of 0, 0.5, 1, 2, 4, 6, 8, 12 and 24 h into eppendroff tubes, serum was separated by centrifugation (8000 rpm for 15 min) and stored at -20 ο C until further analysis.
Diabetes induction:
To the overnight fasted rats diabetes was induced by IP injection of streptozotocin (55 mg/kg, b.w.), freshly dissolved in citrate buffer (pH 4.5) [12] . After 72 h retro orbital blood sampling was done and the serum glucose levels were measured. The fasting blood glucose level >250 mg/dl and above were considered as diabetic and selected for the study.
PK Study in diabetic rats: Overnight fasted diabetic rats divided into 2 groups (n=6) and the remaining procedure was done same as mentioned in PK study in normal rats.
HPLC analysis of metformin:
Metformin was estimated by an earlier reported HPLC method [13] . HPLC system consisted of LC-10 ATVP solvent delivery module (Shimadzu, Kyoto, Japan), with Lichrosphere 100 RP C18 column was used. Rheodyne injection port with a 20 ul sample loop and Hamilton syringe 20 μL was used. The mobile phase consists of 0.15 M ammonium acetate and acetonitrile (90:10 v/v). The flow rate was 1.0 mL/min and the effluent were monitored at 236 nm. The total run time of the method was set at 10 minutes.
CYP3A activity by in-vitro method: CYP3A activity in microsomes (intestinal and liver) was estimated by using an earlier reported in-vitro method [14] . Principle involved in this method was, CYP3A4 converts erythromycin to N-demethyl erythromycin and formaldehyde, detected by using Nash reagent which produces yellow color [15] .
Erythromycin-N-demethylation assay:
The mixture of microsomal suspension (0.1 ml, 25%), erythromycin (0.1 ml, 10 mM) and potassium phosphate (0.6 ml, 100 mM, pH 7.4) was incubated at 37 ο C along with BA at a concentration of 0.1, 1 and 10 µM. The reaction between these agents was initiated by adding NADPH (0.1 ml, 10 mM), and terminated after 10 min, by adding ice cold trichloroacetic acid (0.5 ml, 12.5% w/v) solution. It was centrifuged (2000 × g; 10 min) to remove proteins. To 1 ml of this supernatant 1 ml of Nash Reagent (2 M ammonium acetate, 0.05 M glacial acetic acid, 0.02 M acetyl acetone) was added, and heated in a water bath at 50 ο C for 30 min. After cooling, the absorbance was read at 412 nm. The activity was calculated from standards (1-100 µM formaldehyde) [14] .
Pharmacodynamic Studies
Antihyperglycemic study: Following an over-night fasted, diabetic rats were divided in to 4 groups (n=6). Blood samples were collected from the fasted rats by retro-orbital vein puncture at time intervals of 0 (Initial fasting blood sample) and 2, 4, 6, 8, 12 and 24 h after the treatment into eppendroff tubes, serum was separated by centrifugation (8000 rpm for 15 min) and stored at -20 ο C until further analysis. Blood glucose levels were analyzed by GOD-POD method [16] .
Oral Glucose Tolerance Test (OGTT):
Overnight fasted diabetic rats divided into 4 groups (n=6) and treated same as mentioned in above study. For glucose tolerance test 30 minutes after the treatment all the group of rats were given D-glucose (2.5 g/kg, p.o) and blood samples were collected at time intervals of 30, 60, 90 and 120 minutes for estimation of blood glucose levels, same as mentioned in earlier reported method [17] .
Biochemical parameters estimation:
For sub-acute study (28 days) grouping was done same as mentioned in antihyperglycemic study and were pretreated once a day for 28 days. During the study period, the body weight and blood glucose levels were recorded after 7, 14, 21 and 28 days of the treatment. Whereas, Serum insulin, SGOT, SGPT, serum cholesterol, serum triglyceride and serum total protein levels were estimated after 28 days of the treatment same as mentioned in earlier reported method [18] .
Determination of oxidative stress markers:
The total antioxidant status and lipid peroxide levels of sub-acute study serum samples were determined by using DPPH [19] and thiobarbituric acid reaction methods [20] . The antioxidant status values were expressed in terms of nM of ascorbic acid and the lipid peroxide levels were expressed in terms of nM of malondialdehyde content in serum samples.
Statistical analysis: Data was expressed as mean ± SD. The significance was determined by using one-way ANOVA (Dunnet's t-multiple comparison test). Results were considered to be statistically significant when p ≤ 0.05.
Results and Discussion
From the pharmacokinetic study of normal and diabetic rats it was found that the Cmax of metformin significantly increased in BA with metformin (1.51, 2.46 times), AUC0-n (2.07, 3.68 times), AUC total (2.36, 5.22 times), t1/2 (1.65, 2.32 times), MRT (1.46, 2.05 times), whereas the clearance and volume of distribution of metformin was decreased 0.43, 0.73 times in normal rats and 0.19, 0.45 times in diabetic rats, when compared with control group. Mean pharmacokinetic parameters of metformin in different groups of normal and diabetic rats is shown in Table 1 . The Tmax of metformin in both normal and diabetic groups was not altered by co administration with BA. The extent of erythromycin-N-demethylation (EMD) due to CYP3A activity was shown in Figures 1 and 2 . In BA treated groups the level of EMD at 10 µM concentration was significantly reduced (P<0.01) in the intestinal and liver microsomes when compared with vehicle control. The significant increase in PK parameters (Cmax, AUC0ton, AUCtotal, t1/2, MRT) of group II normal and diabetic rats, may be due to enhancing absorption or by inhibiting CYP3A responsible for metformin metabolism. Rate of absorption of metformin was not altered as there is no change in Tmax of both groups. So, the decreased volume of distribution may be due to metabolic inhibition of metformin by BA.
Erythromycin-N-demethylation assay further confirm the inhibitory influence of BA on CYP3A activity. These results are in accordance with the earlier in-vitro studies of BA metabolic inhibition on CYP3A4 enzyme in human liver microsomes [9] . The results of antihyperglycemic study are depicted in Table 2. At 6 th hr, maximum reduction of serum glucose level 44.35% was observed in group IV, when compared to group II (40.98%) and group III (26.65%). These results suggest that the enhancement of glucose reduction capacity of metformin in diabetic rats along with BA.
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In glucose tolerance test all the groups shown significant (p<0.01) increase in glucose threshold within 30 min of glucose loading and the effects persisted till 120 min and results are depicted in Table  3 . The body weight of diabetic control group rats was gradually decreased, whereas in all other groups it was increased significantly from 7 days onwards to 28 days, which indicates that these drugs do not have any effect on degradation of depot fat to maintain the body weight. The effect of the BA-metformin in reducing the blood glucose levels was gradually increased and was maximum after 28 days showing 47.83%. The
6 significant antihyperglycemic effect of the BAmetformin was well comparable to that of the standard drug, metformin (43.37%) and BA (33.10%) alone pretreated group at all time intervals of the study shown in Table 4 . From these results, combination of these drugs has shown more antihyperglycemic effect than alone treated drugs. Comparison of different serum biochemical parameters in sub-acute study are shown in Table 5 . There is a significant effect (p<0.01) of the BA-metformin in reducing serum GOT and GPT levels was maximum after 28 days showing 33.58% and 37.96% respectively and was well comparable to that of the standard drug, metformin (26.41%, 31.25%) and BA alone pretreated group (24.83%, 23.37%). Gluconeogenesis and ketogenesis occur in diabetes due to high levels of SGOT and SGPT, but these results shown more antidiabetogenic effect in combination of these drugs [21] . The percent reduction in serum triglyceride and cholesterol levels of BA-metformin treated group was 38.66% and 39.25%, while it was 33.12%, 34.44% in standard group and 28.48%, 31.41% in BA alone pretreated group. This phenomenon clearly indicates that these drugs in combination have more antihypertriglyceridemic and antihypercholesterolemic activity than alone pretreated groups and with control group. The significant increasing effect (p<0.01) of the BA-metformin group on serum total proteins level was maximum after 28 days showing 41.43% and was well comparable to that of the standard (36.36%) and BA (27.78%) alone pretreated groups. Further, the increased serum total protein level brought out by these drugs explains its antidiabetogenic effect as the reduction in protein level takes place in diabetes due to deficiency of insulin, which stimulates uptake of aminoacids into muscle and increases protein synthesis [22] . The significant increasing effect (p<0.01) of the BA-metformin group on serum insulin levels was maximum after 28 days showing 43.90% and was well comparable to that of the standard metformin (38.95%) and BA (28.24%) alone pretreated groups. This significant increase in serum insulin levels indicates that BA might have exhibited the antihyperglycemic effect like metformin, i.e. by insulin secretogogue activity [23] .
The effect of these drugs on oxidative stress markers were shown in Figures 3 and 4 . In group IV found gradually increased (p<0.01) in total antioxidant status, whereas the lipid peroxide levels were found decreased significantly (p<0.01), when compared with all other groups. This indicates the significant increase in free radical scavenging capacity of these drugs when compared to control group. So, BA offer significant protection against the oxidative stress induced by diabetes and interfere with PK and PD. The present study indicated that BA affects the metabolism of metformin, possibly by the inhibition of CYP3A and increases the bioavailability of concomitantly administered metformin. Combination of metformin with BA considerably enhances the glucoselowering effect of metformin. Hence, metformin doses may require special attention if used along with BA or Boswellia serrata extract containing herbal preparations to avoid the complications.
